Carpal tunnel syndrome (CTS) is caused by pressure on the median nerve where it passes together with the flexor tendons of the fingers through the carpal tunnel formed by the carpal bones and the transverse ligament 1) .
Normally, women and repetitive occupations are related
Received Feb 17, 2003 ; Accepted March 3, 2004 Correspondence to: J. I. Kim, Department of Occupational Medicine, Dong-A University Hospital, 3Ga-1, Dongdaeshin-Dong, Seo-Gu, Busan, to CTS, but there are also many unknown causes 2) . There are a number of studies examining the occupations that can cause CTS. There is still some controversy regarding CTS, but evidently certain occupations are related to CTS 3) . According to the CDC, 47% of those who suffer from CTS can regard their occupations as the main cause 4) . NIOSH reported, if a job involves repetitive and long-lasting hand motions, an uncomfortable hand placement and positioning, the use of vibratory tools, sustained pressure on the wrist or the inner side of the palm and if the patient's job precedes the first signs or symptoms, it is possible to relate that particular job as being the cause of the CTS 5) . A number of occupational factors have been suggested to be potentially etiologic for CTS. These include repetitive/prolonged handintensive activities, forceful exertions, awkward and/or static postures, vibrations, temperature extremes, and localized mechanical stress 6) . Today, it is assumed there is a high prevalence of workrelated CTS in Korea, because industrial processes are becoming simpler and harder, and technology-intensive industries are increasing. This study aimed to determine the prevalence rate of work-related CTS in meat and fish processing plants, where there is likely to be a high rate of CTS.
Materials and Methods
Among 143 workers in 5 meat and fish processing plants, 69 workers, whose jobs involved repetitive motions, were randomly selected as the experimental group, and 28 people who were working in management, secretaries and keepers used as the control group. The exclusion criteria were workers who have the possibility of contracting CTS, those who suffered from diabetes mellitus and thyroid disease, those with a history of pregnancy, birth control pill ingestion, and a fracture of the upper arm. The work content of the experimental
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group included repetitive movements of the hand, forceful grasping or pinching of tools, awkward positions of the hand and wrist, and/or the use of vibrating hand-held tools for more than 8 h a day.
Research on the symptoms of CTS was conducted by means of a questionnaire. In order to maximize the efficiency and responsiveness of the survey, the questionnaire was simplified and categorized into the following 5 questions: (1) Whether or not symptoms are present and if so, in what part of the body do the symptoms occur (2) How often do the symptoms occur (3) The periodicity of the symptoms (4) How long do the symptoms last and (5) The causes of the symptoms assumed by the worker. The workers took the questionnaire by themselves, and it was checked during the interview. The positive symptoms of CTS were defined as numbness, pain, stiffness, tingling and a burning sensation in the 1, 2, 3, 4th fingers and the wrist that continued for more than a week or at least more than once a month during the last year 7) . An occupational physician and rehabilitational doctor conducted Tinel's sign and Phalen's test. A rehabilitation doctor performed the NCS in order to determine the existence of CTS by using the TOENNIES multilinear scale (Germany). The skin temperature was obtained at the midline of the wrist on the distal crease and in the range was 26-33°C. The median motor or sensory NCV or the distal latency (DL) measured was adjusted by the following formula: NCV or DL (temp corrected) =CF (33°C-Skin Temp°C (measured) )+NCV (calculated) or DL (calculated) , where CF=1.5 m/s/°C (median motor NCV), 1.5 m/s/°C (median sensory NCV) and 0.2 ms/°C (DL) 8) . For the median motor nerve, the active surface electrode was placed onehalf the distance between the metacarpophalangeal joint of the thumb and the midpoint of the distal wrist crease (the belly of the abductor pollicis brevis muscle). The reference was placed on the distal phalanx of the thumb. Stimulation was applied with a cathode 8 cm proximal to where the active electrode was placed, between the flexor carpi radialis and the palmaris longus tendons. Proximal stimulation was applied in the medial aspect of the antecubital space, just lateral to the brachial artery. For the median sensory nerve, ring recording electrodes were placed on the forefinger digits for the antidromic method. The active and reference electrodes were placed 4 cm apart, mounted in a plastic bar, with the active proximal at the base of the digit. The stimulating cathode was applied 14 cm proximal from the active ring electrode, over the median nerve. Stimulation also may be applied medial to the biceps tendon. Consequently, SCV were measured at the median nerve between the base of digit 2 and the wrist and between the wrist and the elbow. In order to differentiate the existence of thoracic outlet syndrome, cervical radiculopathy, pronator syndrome or peripheral polyneuropathy, the ulnar, radial, peroneal, tibial and median nerves were also examined. The results were interpreted with Kimura's criteria 9) . Patients with symptoms and the NCS results consistent with CTS were screened for a concurrent systemic illness that may be associated with CTS.
Cases with positive symptoms, the objective findings (positive sign or positive NCS) and evidence of work relatedness was defined as work-related CTS according to the NIOSH 10) . The data collected were analyzed with the PC-SAS version 6.12. The statistical methods used were t-test, chi-square and Fisher's exact test.
Results

General characteristics
In the experimental group, 30.4% (21 persons) were male and 69.6% (48 persons) were female, and 60.7% (17 persons) were male and 39.3% (11 persons) were female in the control group. The average work duration was 5.3 ± 4.3 and 14.9 ± 9.9 yr, respectively (Table 1) 
Prevalence of CTS
The prevalence of upper extremitiy complaints for the meat and fish processing plant workers and the control group were 94.2% (65 persons) and 14.3% (4 persons) (p<0.05). The positive rates for the Tinel's sign were 73.9% (51 persons) and 3.6% (1 person), and for the Phalen's test were 50.7% (35 persons) and 3.6% (1 person) respectively (p<0.05). The positive rate for the NCS was 26.1% (18 persons) and 0.0% in each group (p<0.05). According to the NIOSH criteria, the prevalence of CTS was 73.9% (51 persons) in the meat and fish processing plant workers and 3.6% (1 person) in the control group, which were the same results as for the Tinel's sign (Table 2 ). In the experimental group, the prevalence of CTS was 71.4% in males and 75.0% in females (Table 3) .
CTS by working duration in the experimental group.
All these variables of upper extremities complaints, Tinel's sign, the Phalen's test and NCS were stratified according to those with 'more or less than 7 yr of work duration', and analyzed. The prevalence of upper extremity complaints was almost the same among the shorter and longer groups. The positive rate of Tinel's sign among the shorter group was higher than among the longer group, but not significantly. For workers who had a shorter work duration had a higher positive rate in Phalen's test (p<0.05), whereas the workers who had a longer work duration had a higher positive rate in the NCS (p<0.01) ( Table 4) . 
Discussion
CTS is considered to be the most common form of peripheral nerve entrapment neuropathy. Work-related CTS is one of the work-related musculoskeletal disorders. It was first discovered in 1947 that CTS was related to occupation, when Brian et al. reported approximately 6 cases of work-related CTS in repetitive work 11) . Workrelated CTS was reported in meat processing workers in 1986, and supermarket checkers in 1987 12) . This study evaluated the symptoms such as pain and any other complaints in the upper extremities and conducted a physical examination and NCS. A symptom questionnaire was used as an important information source. There have been many types of questionnaires for evaluating musculoskeletal disease, but few of them have been registered in a standard survey. That is why a simple type of questionnaire composed of 5 questions was made, and they were tested twice with the same questionnaire after a month or two, just to ensure the reliability of the results.
The prevalence of CTS is approximately 0.1% in the general population in USA 13) . It is more likely occur in middle-aged women, the male to female ratio being 1:3, and those between 40 and 60 yr old comprise 58% of all the CTS patients 2) . In Rochester, Minnesota, the prevalence was 88 cases in 100,000 persons from 1961 to 1965, and 125 in 100,000 persons from 1976 to 1980. In normal citizens, it was reported to be 99 cases in every 100,000 person-years, and 429 in 100,000 persons in 45-54-yr-old women, but the prevalence was up to 15% in a workers group who had the risk factors 14, 15) . In Korea, unfortunately, there are no prevalence data available on the normal population. In this study, there was no difference in prevalence between the sexes in the experimental group. The authors consider that gender had little effect on the prevalence because the work was quite hard. Even though there were gender differences between the experiment and control group, which was thought to be a problem in the experiment design, the prevalence in the control group was too small to affect our results.
Tountas reported that the main cause of CTS was occupation 16) , and the CDC stated that 47% of all CTS was related to occupation 4) . The survey with the questionnaire reported that 12% to 62.5% of supermarket checkers were somewhat affected by CTS 17) . The NCS found that 20% of workers using vibratory tools including chain saws 18) , 5.5% of instrument players 19) , and 6.4% of dentists 20) had CTS. Several Korean authors reported a prevalence of 21.4% in packing workers in a rayon factory 21) , 12.8% of workers in the condom industry 22) and 10.8% of telephone directory assistance operators 23) , but they had a different case definition in each study. This study tested workers who worked in meat and fish processing plants, and they were diagnosed with CTS if their results matched the surveillance case definition of work-related CTS by NIOSH. Those in meat and fish processing plants had 73.9% prevalence. In addition, considering the prevalence rate of CTS in meat and fish processing plants, they should be categorized as workplaces with a dangerous work environment and should be carefully controlled and managed.
Until today, there were few studies that showed a relationship of work-related CTS to work duration. Workers who had shorter working duration had a relatively higher positive rate in Phalen's sign, but lower in NCS. As the subjects of this study was too few to draw a conclusion, a large-scale survey should be conducted in future.
Although job analysis was not conducted in this study, the prevalence of CTS in a meat and fish processing plant was very high. Therefore this job should be managed as a high-risk industry.
